. a, /J :md c, Yiews or the apparatus used showing the rotating steel drum on which the polymer was formed and the ' Teflon' holder. relatively inexpensive to produce, and b ecause solvents and heating ovens are eliminated it has considerable advanta ges over the present process, especially for high speed applications.
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British Iron and Steel R esearch Association, London.
Received October 2, 1967. ' Will iams , T., and Hayes, 1\l. W., Nature, 209, 769 (1966) . ' British patent application No. 22245/66.
GENERAL

Diesel Exhaust Particulates
ALTHOUGH the experimental techniques are available, limited effort has been m ade to characterize physically and chemically the particulate emissions from air pollution sources with respect to p a rticle size, total surface area and chemical composition, If the potential to affect human health, property or atmospheric reactions or visibility of the particulate pollution, present in urban atmospheres, is to be evaluated, the nature of the contribution from each source will have to be more fully under-,;tood than at present. In this study, we focused on the characterization of particulates in a diesel engine exhaust. Quantitative informa tion available on diesel exhaust composition has, until. recently, prima rily pertained to gaseous constituents•-•. Other studies were concerned with visible smoke and odour 6 · '· Several investigations were made of the reactions and kinetics in the formation and com bust ion of smoke in hydrocarbon flames with controlled laboratory combustion chambers 8 -10 • Others studied the relatio11ship between smoke production, work parameters and fuol properties 11 -1 a.
The engine used was a single cylinder, four cycle diesel. On acquisition the engine was complet ely overhauled and reconditioned; at the beginning of these tests it had accumulated approximately 500 h of prior running time. Although not of usual industrial size, the engine was not a t ypical in gene ral d esign, speed, exhaust temperature, and carbon dioxide a nd oxygen emissions. Loa d was provided by driving a 5 kW generator, the output of which was dissipated through adjustable immersion heaters. Engine specifications and fuel properties· are shown in Table l . All sampling for particulates was performed in the exhaust pipe approximately four inch es from the exhaust valve. A vacuum pump was used to withdraw centreline samples at isokinetic flow. Air samples were metered with orifices, were not diluted, and were obtai ned at as high a temperature as possible in order to avoid moisture condensation. Engine speed was monitored with a stroboscope. Fuel consumption was determined from reservoir fuel volume changes during a test run. The fuel to air ratio was calculated after the carbon dioxide and oxygen content were determined by Orsat analysis.
Samples for electron microscopy were collected on carbon filmed glass slides in an oscilla ting thermal pre-cipitator14. Electron photomicrographs were obtained after transferring the carbon ffims to the grids. Resulting microgra phs were sized with a Zeiss TGZ 3 particle siz€' analyser. From the number sized, photographic area and magnification, the number of particles per unit area of sampl e was calculated. The number concentration per unit volume of exhaust was obtained from the air sample volume a nd the area of particle deposit.
Samples for specific surface area and bulk density determinations wore collected on 'Millipore GS' membrane filter. Specific surface a r ea measurements were performed according to Brunauer, Emmett and T eller surface adsorp-NATURE. VOL. 216, NOVEMBER 11. 1967 tion theory 16 and techniques 16 • Gravity-standing bulk density was determined by weighing the amount of material in a container of known volume. Weight concentrations of particulates (mg/m 3 ) were determined by filtering through pre-weighed glass wool packed alundum thimbles and measuring the wt>ight gain. The free acidity :>f a sample of particulates, successively gathered and removed from a 'Millipore GS' filter, was measured (in the absence of carbon dioxide) by titrating with 0·01 normal sodium hydroxide in the presence of 85 per cent ethyl alcohol with mixed cresol red-thymol blue indicator. A twenty hour leaching period was used. The results show that tho engine is a principal source of particles. Thus we found approximately 10 7 particlesjcm 3 released, while 10 3 /cm• is representative of the ambient air concentration of O·lf!. diamete r particles 17 • A dilution factor of 10 4 would be required to reduce particle numbers to ambient concentrations. Platinum shadowed and unshadowed photomicrographs offered a startling contrast (Fig. 1) . Under shadowing conditions an entire unidentified second family of material was made visible which was not included in sizing and counting data reported. The particle height to diamete r ratio was about 1 : 4, an aspect ratio produced by hydrocarbon oils.
Spectrographic analysis of the inorganic portion of particulates, which comprised 55-60 per cent of total particulates 18 , demonstrated that about 98 per cent by weight was carbon. The chief ingredients of the non-carbon fraction were silicon, iron and zinc. Traces of aluminium , nickel, calcium, barium, as well as other metals wer<> detected. Emission rates of iron and zinc at the 1400 1 operating condition were 3·6 fl.gfm 3 and 2·6 fl.g/m 3 , respectively. A dilution factor of approximately four would reduce these emissions to average ambient air concentrations.
